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(57) ABSTRACT

A method of soldering a bumped work without using flux 1s
provided by the steps of vacuum-sucking the bumped work
on a head, pressing a bump against a pad of another work,
causing a projection of the bump to partially break an oxide
film on the solder portion, to pierce it, and to be placed
thereon, and cooling and solidifying the molten solder
portion. The surface of the solder portion 1s coated by the
oxide film as a hard shell, so that, even if the bump 1s firmly
pressed against the solder portion, the solder of the solder
portion does not flow sidewise, and a solder bridge 1s not
produced.

6 Claims, 7 Drawing Sheets
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METHOD OF SOLDERING BUMPED WORK
BY PARTIALLY PENETRATING THE OXIDE
FILM COVERING THE SOLDER BUMPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a method of soldering a
bump of a bumped work to a pad of another work, and, more
particularly, to a method of soldering a bump of a bumped
clectronic component on a pad of a circuit board.

2. Description of the Prior Arts

Soldering 1s conventionally performed between a bumped
clectronic component such as a tlip chip and a circuit board
such as a printed circuit board as follows. First, flux is
applied on the surface of a bump formed on the bumped
clectronic component, or of a solder portion formed on the
pad of the circuit board. Then, the bump 1s placed on the
solder portion to mount the bumped electronic component
on the circuit board. Subsequently, the circuit board 1s fed
into a heating furnace to heat the solder portion to a
temperature at its melting point (typically, about 200° C.) or
higher for melting 1t, and then to cooling the solder portion
so as to solidily 1it. In this procedure the bumped electronic
component 1s mounted on the circuit board. Thereafter, a
conductivity test 1s conducted for examining whether or not
the bump of the bumped electronic component 1s properly
soldered on the pad of the circuit board. The conductivity
test 1s typically performed by attaching a probe of the tester
to a terminal of the circuit board to check the conductivity.
If the results of the conductivity test are not acceptable, a
repair work 1s performed on the bumped electronic compo-
nent. In the repair work, the circuit board mounted with the
bumped electronic component 1s heated to remelt the solder
portion, thereby removing the bumped electronic component
from the circuit board. Once the bumped electronic compo-
nent 1s removed, a part of the solder portion remains atfixed
to the pad. Then, the solder portion on the pad is scraped oft
with a tool or the like. After the solder portion 1s scraped off,
a solder portion of a suitable amount 1s formed again on the
pad. When the correction of the circuit board 1s completed
with the above procedure, the bumped electronic component
1s mounted again on the circuit board.

However, a problem associated with the conventional
method 1s that the remolten solder on the solder portion
flows sidewise, and adjacent solder portions connect each
other to cause the formation of a solder bridge, leading to
short-circuiting. The reason therefor lies 1n the following.

Since the solder portion (alloy of low melting point metals
such as Pb and Sn, i.e. lead and tin) formed on the pad of the
circuit board is easily oxidized when it contacts air, an oxide
f1lm has been formed on the surface of the solder portion.
The oxide film hinders wettability of the solder, and causes
defective conductivity between the bump and the pad on the
circuit board.

Then, the wettability of solder 1s conventionally improved
by applying flux on the bump or solder portion. When the
flux 1s used, the oxide film can be removed 1n heating and
melting the solder portion, whereby the wettability of solder
1s improved to firmly solder the bump on the pad. However,
if the oxide film 1s removed by using the flux, the fluidity of
solder imncreases, so that adjacent solder portions connect
cach other to cause a solder bridge.

Since the flux has properties which deteriorate a circuit
pattern on the circuit board, the conventional soldering,
method requires a step for washing and removing the flux
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after the bump 1s soldered on the pad. Thus, another problem
associated with the conventional method 1s the number of
steps required.

Furthermore, another problem associated with the con-
ventional method for conducting a repair 1s that it 1s
complicated, which requires much labor and a number of
steps.

SUMMARY OF THE INVENTION

A first object of the present mvention 1s to provide a
method of soldering a bump of a bumped work on a pad of
another work without using flux, so that good conductivity
can be attained, yet without the formation of a solder bridge.

A second object of the present mnvention 1s to provide a
method of mounting a bumped electronic component which
facilitates the performance of a repair work 1f the quality of
the soldering of the bump 1s not acceptable work.

The present mnvention can provide the method including
the steps of pressing a projection projected downward from
a bump of a bumped work against a solder portion formed
on a pad of another work to partially break an oxide film on
the solder portion with the projection, heating and melting
the solder portion at a temperature equal to or lower than the
melting point of the bump and the oxide film, and solidifying
it.

In a constitution of the present invention, the projection of
the bump breaks the oxide film on the surface of the solder
portion, so that sufficient conductivity can be provided
between the bump and the pad of the other work. In addition,
since flux 1s not used, the oxide film on the surface of the
solder portion 1s broken only at an area broken through by
the projection of the bump, and the other area of the oxide
f1lm remains on the surface of the solder portion. Then, since
the melting temperature of the oxide film 1s much higher
than that of the solder portion, the oxide film 1s not melted
even when the solder portion 1s heated and melted, and 1s 1n
a state where the remolten and fluidized solder portion 1s
coated by a hard shell. Therefore, there 1s no possibility that
adjacent solder portions connect with each solder to cause a
solder bridge.

The present mnvention can provide alternatively a method
including the steps of placing a bump on a solder portion
before heat treatment formed on a pad of a circuit board so
as to press the bumped electronic component against a
circuit board, thereby partially breaking an oxide film on the
surface of the solder portion with the bump to contact the
bump with the solder portion, attaching a probe of a tester
to a terminal of the circuit board to check conductivity, and
heating the bumped electronic component while pressing 1t
against the circuit board to solder the bump to the pad.

In the alternate constitution of the invention, when the
bumped electronic component 1s firmly pressed against the
circuit board, the bump partially breaks the oxide film on the
surface of the solder portion and contacts the solder portion.
Therefore, the conductivity test can be conducted before the
soldering process for heating the solder portion to melt and
solidifying 1t, so that a repair work can be easily performed
if the results of the test are unacceptable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of a mounting apparatus for
mounting a bumped electronic component according to an
embodiment of the present invention;

FIG. 2 1s an 1illustration of a step of soldering a bumped
clectronic component according to the embodiment of the
present 1nvention;
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FIG. 3 1s an illustration of a step of soldering a bumped
clectronic component following the step of FIG. 2 according
to the embodiment of the present invention;

FIG. 4 1s of an illustration of a step of soldering a bumped
clectronic component following the step of FIG. 3 according
to the embodiment of the present ivention;

FIGS. 5A to SC are 1llustrations of a method for mounting,
the bumped electronic component according to the embodi-
ment of the present invention;

FIGS. 6A and 6B arc a partial enlarged view of a bump
and a solder portion in the method of mounting the bumped
clectronic component according to the embodiment of the
present invention;

FIG. 7 1s a front view of a mounting apparatus for
mounting a bumped electronic component according to an
alternate embodiment of the present invention; and

FIG. 8 1s a sectional view of the mounting apparatus for
mounting a bumped electronic component according to the
alternate embodiment of the present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
| Embodiment 1]

Now, embodiment 1 of the present invention 1s described
with reference to the drawings. FIG. 1 1s a front view of a
mounting apparatus for mounting a bumped electronic com-
ponent according to embodiment 1 of the present invention.
FIGS. 2, 3 and 4 are views of a process of soldering the
bumped electronic component.

First, the mounting apparatus for mounting the bumped
clectronic component 1s described with reference to FIG. 1.
In the figure, reference numeral 1 denotes an electronic
component as a bumped work, on which a plurality of
bumps 2 are projectedly provided. Although there are two
bumps 2 1n FIG. 1, a large number of bump 2 are typically
formed with a narrow pitch. A projection 3 projects down-
ward from the bump 2.

Now, a method for forming the bump is briefly described.
The methods for forming the bump are known to mclude a
method using a electroconductive ball, and a method using
a wire. The former 1s a method disclosed 1n Japanese Patent
Unexamined Publication No. 7-302814 and the like, 1n
which an electroconductive ball 1s mounted on a pad, and
melted and solidified by heating to form a bump. The latter
1s a method disclosed 1 Japanese Patent Unexamined Pub-
lication No. 4-37034 and the like, in which a wire 1s
introduced through a capillary tool, a ball being formed on
the lower end of wire by electric spark, the ball being bonded
on a pad of a circuit board, then the wire bemng pulled
upward, and cut near the bonding point.

The method using the electroconductive ball enables 1t to
form a bump with a clear sphere. However, 1n the method
using the wire, since the wire 1s pulled up and cut near the
bonding point, the bump would have a projection (tail)
projected upward. Thus, the bump 2 with the projection 3
shown in FIG. 1 1s formed by the bump forming method
using a wire. Of course, 1t may be formed by any other
method.

In FIG. 1, the bumped electronic component 1 1s vacuum-
sucked to the bottom surface of a head 4. A suction channel
S 1s formed 1n the head 4, and connected to a vacuum unit
(not shown). As the vacuum unit is driven, the bumped
clectronic component 1 1s vacuum-sucked to the bottom
surface of the head 4. In addition, the head 4 contains a
heater 6 therein. The head 4 1s horizontally and vertically
moved by means (not shown).

There 1s provided a circuit board 10 such as a printed
circuit board that 1s another work. A solder portion 12 is
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formed on a pad 11 of a circuit pattern on the circuit board
10. The solder portion 12 is an alloy of low melting point
metals such as lead and tin, and 1s formed on the pad 11 by
soldering means or the like. The circuit board 10 1s posi-
tioned on a table 13. The table 13 1s an XY table, and can

horizontally move the circuit board 10. In addition, the table
13 contains a heater 14 therein.

There 1s constituted the mounting apparatus for mounting
the bumped electronic component as above. Now, the sol-
dering method 1s described. FIGS. 2 to 4 sequentially shows
a process 1ncluding the steps of the soldering process. First,
as shown 1 FIG. 2, the bump 2 1s aligned to the solder
portion 12 to position the bump 2 just above the solder
portion 12. An oxide film 15 1s produced on the surface of
the solder portion 12 by contacting with the air.

Then, as shown 1n FIG. 3, the head 4 1s lowered to press
the bump 2 against the solder portion 12. In this occasion,
the bump 2 1s heated by heat conduction from the heater 6,
and the solder portion 12 1s heated by heat conduction from
the heater 14. Here, the bump 2 1s heated to a temperature
of about 300° C. by the heater 6. However, since the bump
2 1s made of gold or copper with a high melting point, it 1s
not melted at the temperature of about 300° C. On the other
hand, the solder portion 12 1s heated to and melted at the
temperature of about 220° C. by heat conduction from the
heater 14. Here, the solder portion 12 has a melting point of
about 200° C.

Further, the oxide film 15 produced on the surface of the
solder portion 12 typically has a melting point of 500° C. or
higher which 1s considerably higher than the melting point
of the solder. Therefore, while the solder portion 12 1is
melted and fluidized when 1t 1s heated to the temperature of
about 220° C., the oxide film 15 1s not melted, and coats the
molten solder portion 12 just as a hard shell to prevent the
solder portion 12 from flowing sidewise.

Under such condition, if the bump 2 is pressed against the
solder portion 12 as shown in FIG. 3, the projection 3
partially breaks through the oxide film 15 to partially break
it, and enters into the inside of the solder portion 12. In this
case, desirably, 1f the lower end of the projection 3 1s placed
on the pad 11 as shown 1n FIG. 3 by firmly pressing the
bump 2 against the solder portion 12, conductivity can be
further sufficiently assured between the bump 2 and the pad
11. In the conventional method, when the bump 1s firmly
pressed against the solder portion, the solder portion flows
out sidewise as 1t 1s melted and fluidized, so that solder of
adjacent solder portions tends to connect each other, leading
to a solder bridge. Thus, it has been ditficult to place the
bump on the pad of the circuit board, thereby assuring
suflicient conductivity. Timing may be reversed for breaking
through and partially breaking the oxide film 15 with the
projection 3, and for melting the solder portion 12. Rather,
the oxide film 15 can be more effectively broken when it 1s
broken before the solder portion 12 1s melted.

As described above, according to the present method,
sufficient conductivity can be assured by firmly pressing the
bump 2 against the solder portion 12. In addition, since, 1n
the conventional method, a solder bridge tends to be easily
produced 1f the bump 1s firmly pressed against the solder
portion, it 1s necessary to rather carefully control the press-
ing force. On the other hand, since, according to the present
invention, it 1s suilicient to press the bump against the solder
portion with appropriately strong force, the pressing force
can be more easily controlled for its magnitude than the
conventional method.

Then, once the solder portion 12 1s cooled and solidified
by releasing the pressing state with the head 4, as shown 1n




US 6,179,198 Bl

S

FIG. 4, the bump 2 1s bonded on the pad 11 by the solder
portion 12. Reference numeral 16 denotes alloy produced at
a boundary between the bump 2 and the solder portion 12.
| Embodiment 2]

Now, embodiment 2 of the present invention 1s described
with reference to the drawings. FIGS. 5A to 5C illustrate a
method of mounting a bumped electronic component
according to embodiment 2 of the present invention. FIGS.
6A and 6B are partial enlarged views of the bump and the
solder portion 1n the method of mounting the bumped
electronic component. FIG. 7 1s a front view of an apparatus
for mounting the bumped electronic component, and FIG. 8
1s a sectional view of the bumped electronic component as
mounted.

First, the mounting method 1s described with reference to
FIGS. SA-5C, and 6A and 6B. In FIG. 5A, on the top surface
of a circuit board 21 there are formed a pad 22 of a circuit
pattern and a terminal 23 for testing conductivity. The circuit
board 21 1s a printed circuit board. The pad 22 1s connected
to the terminal 23 with a lead wire 24. In addition, a solder
portion 235 1s formed on the pad 22. The solder portion 25 1s
formed by using a solder plating means or solder leveler
means. The solder portion 25 1s an alloy of soft metals with
low melting points such as lead and tin.

Then, as shown 1 FIG. 5B, bond 27 1s supplied from a
dispenser 26, and applied to the circuit board 21 to coat the
solder portion 25. Then, as shown 1n FIG. 5C, the bumped
clectronic component 31 1s held by a head 30 by vacuum-
sucking 1t to the head 30 to place the bump 32 on the solder
portion 25, whereby the bumped electronic component 31 1s
firmly pressed against the circuit board 21 for the conduc-
fivity test. The conductivity test 1s conducted by attaching a
probe 36 of a tester 35 to the terminal 23 for checking
conduction.

FIGS. 6A and 6B show an operation of pressing the bump
32 of the bumped electronic component 31 against the solder
portion 25 by lowering the head 30. However, the bond 27
1s not shown 1n FIGS. 6A and 6B. As can be scen 1n the
figures, an oxide film 28 is produced on the surface of the
solder portion 25 by making 1t contact with the air. This
oxide film 28 has high electric resistance, and disturbs the
conductivity test. Then, the oxide film 28 1s broken through
and partially broken with a projection 33 projected down-
ward from the bump 32 by firmly pressing the projection 33
against the solder portion 25, thereby causing the projection
33 to directly contact the solder portion 25. Then, the
conductivity test shown in FIG. 5C 1s conducted in such
state. Of course, the bond 27 1s uncured, and the solder
portion 25 1s not heat-treated. As described above, 1if the
bump 32 has the projection 33, the oxide film 28 can be
surely broken with the projection 33.

Now, a method of forming the bump 1s briefly described.
Methods of forming the bump are known to include a
method using a conductive ball, and a method using a wire.
The former 1s a method disclosed 1n Japanese Patent Unex-
amined Publication No. 7-403824 and the like, 1n which a
electroconductive ball 1s mounted on a pad, and melted and
solidified by heating to form a bump. The latter 1s a method
disclosed 1n Japanese Patent Unexamined Publication No.
4-37044 and the like, 1n which a wire 1s introduced through
a capillary tool, a ball being formed on the lower end of wire
by electric spark, the ball being bonded on a pad of a circuit
board, then the wire being pulled upward, and cut near the
bonding point.

The method using the electroconductive ball enables 1t to
form a bump with a clear sphere. However, 1n the method
using the wire, since the wire 1s pulled up and cut near the
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bonding point, the bump would have a projection (tail)
projected upward. Thus, the bump 32 with the projection 33
shown in FIGS. 6A and 6B 1s formed by the bump forming
method using a wire. Of course, it may be formed by any
other method.

If the result of the conductivity test shown 1n FIG. 5C 1s
unacceptable, the bumped electronic component 31 1s
removed from the circuit board 21 for re-mounting of the
bumped electronic component 31. Since, 1n conducting the
conductivity test shown 1n FIG. 5C, the bond 27 1s uncured,
and the solder portion 25 1s not yet heat-treated, the bumped
clectronic component 31 can be easily removed from the
circuit board 21 for reparr.

If the result of the conductivity test shown 1n FIG. 5C 1s
acceptable, the bumped electronic component 31 1s soldered
on the circuit board 21 by a method described later. That 1s,
as shown 1 FIG. 7, the bumped electronic component 31 1s
vacuum-sucked to and held on the bottom surface of a
suction head 40 to firmly pressing the bumped electronic
component 31 against the circuit board 21. A suction channel
41 1s formed 1n the suction head 40. When the suction
channel 41 is vacuum-sucked by a vacuum unit (not shown),
the bumped electronic component 31 1s vacuum-sucked to
the bottom surface of the suction head 40. In addition, the
suction head 40 contains a heater 42 therein. A base plate 43
1s provided for mounting the circuit board 21, and contains
a heater 44 therein.

If 1t 1s assumed that the pressing force 1s 12 1n this case,
and the pressing force 1n the conductivity test shown m FIG.
S5C 1s 11, 12 1s arranged to be larger than f1. This enables 1t
to further enhance plastic breakage of the oxide film 28 on
the surface of the solder portion 25 with the bump 32,
whereby the bump 32 1s sufficiently contacted to the solder
portion 235. In this case, desirably, the bumped electronic
component 31 1s firmly pressed against the circuit board 21
so that the projection 33 directly contacts the pad 22. This
enables the bump 32 to provide a conduction with the pad
22. Since the pressing force 11 1s relatively small 1 the
conductivity test shown in FIG. 5C, the projection 33 does
not contact the pad 22 as shown 1n the figure.

When the bumped electronic component 31 1s mounted on
the circuit board 21 as described above, the heater 44 1s
activated. Heat from the heater 44 melts the solder portion
25, and cures the bond 27. Then, the bumped electronic
component 31 1s soldered on the circuit board 21 by releas-
ing the vacuum suction state to facilitate raising the suction
head 40, and by cooling and solidifying the molten solder
portion 25. FIG. 8 shows the circuit board 21 soldered with
the bumped electronic component 31.

According to the present mnvention, since the oxide film
on the surface of the solder portion i1s broken by the
projection of the bump, 1t 1s possible to provide sufficient
conductivity between the bump and the pad of the circuit
board. In addition, since flux 1s not used, the oxide film on
the surface 1s broken only at an area broken through by the
projection of the bump, and the other area of the oxide film
remains on the surface of the solder portion and coats the
molten solder as a hard shell. Thus, 1t 1s possible to eliminate
a situation such as that where the solder tlows sidewise to
cause the formation of a solder bridge.

Furthermore, according to the present invention, since,
before the solder portion 1s heat-treated to solder the bump,
the conductivity test 1s performed by firmly pressing the
bump against the solder portion to partially break the oxide
f1lm, thereby causing the bump to make direct contact with
the solder portion, the conductivity test can be accurately
performed. In addition, 1f the results of the conductivity test
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are acceptable, the bumped electronic component can be
casily removed from the circuit board for reparr.

What 1s claimed 1s:

1. A method of soldering a bump of a bumped electronic
component on a pad of a circuit board having a solder
portion whose surface 1s covered with an oxide film without
using flux, said method comprising the steps of:

a) pressing said bump against said pad until a projection
of said bump partially breaks an oxide film of a solder
portion formed on said pad;

b) heating and melting said solder portion to form a
molten solder portion with a temperature lower than a
melting point of said bump and said oxide film; and

¢) cooling and solidifying said molten solder portion.

2. The method of soldering a bump as set forth 1n claim
1, wherein said electronic component 1s suctioned to the
bottom surface of a head 1n a mounting apparatus, and said
pad 1s positioned on a table that contains a heater of said
mounting apparatus therein.

3. The method of soldering a bump as set forth 1n claim
1, wherein the projection of said bump partially breaks the
oxide film of said solder portion before said solder portion
1s heated and melted.

4. The method of soldering a bump as set forth 1n claim
1, wherein a conductivity test 1s conducted between said
bump and said pad after the projection of said bump 1s
pressed against said solder portion to partially break said
oxide film.

5. A method of soldering a bump of a bumped electronic
component on a pad of a circuit board having a solder
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portion whose surface 1s covered with an oxide film without
using flux, said method comprising the steps of:
pressing a projection projected downward from the bump
of said bumped electronic component against a solder
portion formed on the pad of the circuit board;

partially breaking an oxide film on a surface of said solder
portion with said projection;
heating and melting said solder portion to form a molten

solder portion with a temperature lower than a melting
point of said bump and said oxide film; and

cooling and solidifying said molten solder portion.

6. A method of mounting a bumped electronic component
for soldering a bump of a bumped electronic component on
a pad of a circuit board having a solder portion whose
surface 1s covered with an oxide film, said method compris-
ing the steps of:

placing said bump on a solder portion formed on the pad
of said circuit board and prior to heat treatment press-
ing said bumped electronic component against said
circuit board until a projection of said bump partially
breaks an oxide film on a surface of said solder portion
with said bump, thereby contacting said bump to said
solder portion;

checking conductivity by attaching a probe of a test to a
terminal of said circuit board 1n the above state; and

heating said bumped electronic component while pressing,
it against said circuit board to solder said bump on said
pad.
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